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TECHNICAL NOTE
The problem of peritoneal membrane area and permeability
LEE W. HENDERSON
Department of Medicine, Renal-Electrolyte Section, Hospital of the University of Pennsylvania
Philadelphia, Pennsylvania
Currently there is high interest in determining the patho-
physiologic importance of molecules of intermediate
molecular weight (500 to 5000) in the clinical syndrome of
uremia [1, 2]. For extracorporeal hemodialysis, the elf i-
ciency with which these solutes are removed depends on
the area and permeability characteristics of the dialysis
membrane, as well as the time spent on dialysis [3, 4].
When contrasting peritoneal with extracorporeal hemo-
dialysis, it becomes important to know how the area and
permeability characteristics of the peritoneal membrane
compare with conventional cellulosic hemodialysis mem-
branes. It is widely held from the anatomical work of
Wegner (1877) [5], cited by Boen [6] in his monograph on
peritoneal dialysis, that peritoneal membrane area approxi-
mates skin surface area. Applying the nomogram of
Dubois [7] for determining the skin surface area for a
standard 70 kg (154 lb) body weight, 170 cm (5' 7") height
patient would yield a 1.8 m2 area; that for an 80kg (175 lb),
183 cm (6') patient would yield a 2.0 m2 area. A similar
but unestablished estimate is provided by Miller and
Tassistro, in an unreferenced comment [8], indicating that
peritoneal membrane area is "approximately that of the
glomerular capillaries." Pappenheimer [9] estimates the
latter area to be between 0.5 and 1.5 m2/100 g of kidney.
Given an average single kidney weight of 150 g, peritoneal
membrane area according to this method of estimation
would be between 1.5 and 4.5 m2.
Table I contains dialysance studies performed in six
different chronically uremic patients varying in body
habitus from a small (ilOib) female to large (225 ib)
male [10]. The studies were conducted using standard
technique and commercially available solutions and
disposable catheters. i)ialysance figures for inulin (5 200 mol
wt) and urea (60 mol wt) are given for 69 exchanges con-
ducted with 1.5 % glucose containing solutions only and
for 33 exchanges conducted after exposure of the peritoneal
membrane to hypertonic (7 % glucose) dialysis fluid.
A 70—mm cycle with a 40—mm inflow plus dwell time was
employed as previously reported [10]. In addition, inulin
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Table 1. Mean inulin and urea dialysance values for peritoneal,
Kill and twin coil dialysis
Technique Inulin
rn//mm
Urea
mI/mm
Inulin/Urea
Isotonic peritoneal 6.0± 1.1 20.4± 1.3 0.30
dialysis fluid a
Hypertonic peritoneal 13.1 3.0 30.6± 3.0 0.43
dialysis fluida
Ku! 2-layer Cuprophane 6.0 100 0.06
PT 150b
Nominal area 1.0 m2
Twin-Coil cellulose 8.0 170 0.05
acetate C
Nominal area 1.45 m2
a SEM
b 200 mI/mm blood flow, 150 mm Hg transmembrane pressure
500 ml/min dialysate flow
C 180 mllmin blood flow, 30 mm Hg venous pressure Travenol
100-liter tank
and urea dialysance for a 1.45 m2 cellulosic membrane in
Twin format [11] and that for a 1.0 m2 (Cuprophane
PT—iso) sheet plate dialyzer (standard Kiil) [12] are given.
It is apparent that the average dialysance of inulin with
isotonic peritoneal dialysis fluid (6.0 mI/mm) is the same as
that for a 1 m2 Kiil (6.0 mI/mm) and slightly less than that
for a 1.45 m2 cellulose acetate membrane Twin Coil (8 ml!
mm).
Applying the dialysance ratio or relative dialysance
concept [10] to determine relative permeability for Cupro-
phane and peritoneal membrane can give indirect informa-
tion on peritoneal membrane area
Dialysance10 — Permeability11 Area of Membrane
.e., Dialysanceurea —
Permeabilityureu Area of Membrane
= Relative Dialysance
It is apparent from the above equation that membrane area,
whether it be peritoneal or cellulosic for a simultaneously
determined pair of dialysances, is identical and can be
cancelled from the ratio. As urea, the smaller solute, is more
sensitive to changes in membrane area than mean pore
radius, and inulin is sensitive to both area and mean pore
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radius, the relative dialysance provides a dimensionless
index of permeability factored for area. The inulin/urea
relative dialysance for peiitoneal dialysis is on the order
of 0.3—0.4, whereas that for an Ultraflo-145 coil in vivo at
180 ml/min blood flow is approximately 0.05 [11] and that
for a Kiil with nominal membrane area1 of 1 m2 is 0.06,
suggesting that the peritoneum may well be on the order of
10 times more permeable to large solutes than currently
utilized cellulosic membranes. This line of reasoning re-
quires the assumption2 that urea is not "blood flow
limited" for the peritoneal membrane. If the peritoneal
membrane is more permeable than Cuprophane and the
inulin dialysance for a I m2 Kiil and the peritoneal mem-
brane of the adult subject is the same, then it follows that
peritoneal membrane area must be less than 1 m2.
Reconciliation of the conflict between the anatomically
measured and the functionally derived area terms for
peritoneum is best accomplished by appreciating that unless
peritoneal membrane is in immediate juxtaposition to
capillary membrane, it will not participate significantly in
solute exchange [10]. This is analogous to the portion of
cellulosic membrane that is unavailable for solute transfer
because it rests on membrane supporting structures ("blind
area") [13].
As most patients on chronic peritoneal dialysis require
hypertonic exchanges to remove excess total body water,
it is probably reasonable to expect peritoneal inulin
dialysance to be higher than the mean value of 6 ml/min
determined for isotonic exchanges [10]. Values more
nearly equal to those obtained immediately after exposure
to hypertonic exchanges would contribute to a greater
efficiency of intermediate molecular weight solute removal.
In summary, the evidence presented here indicates that
the portion of the peritoneal membrane that participates
in solute exchange from blood to dialysate is considerably
less than I m2 in area but has greater permeability for
intermediate molecular weight solutes than does cellulosic
membrane. The success of peritoneal dialysis as a main-
tenance technique then does not depend on its ability to re-
move small solutes as it does this poorly (urea dialysance =
20—30 ml/min), but it may be the result either of its ability
to remove intermediate molecular weight solutes as well or
better than currently used extracorporeal hemodialyzers or
because small solutes of vital importance to the metabolic
well-being of the patient are better retained [15, 16], or
both.
It is recognized that functional membrane area for the standard
Kiil is less than I m2 and may be as small as 0.52 m2 [13].
2 Mean blood flow to the splanchnic bed in 5 normal volunteers
was on the order of 1800 cc/mm [14]. This dues not include
blood flow to the parietal peritoneum. If urea is blood flow
limited then a urea dialysance of 30 mI/mm. would mean
that the unreasonably small figure of less than 1.5% of the
blood flow to the splanchnic bed and parietal peritoneum was
involved with solute exchange.
Reprint requests to Dr. Lee W. Henderson, Hospital of the
University of Pennsylvania, 3600 Spruce Street, 621 Maloney
Building, Philadelphia, Pennsylvania 19104.
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